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Objective: To assess the prevalence of metabolic syndrome, and its effect on cardiovascular morbidity and
mortality in patients with established coronary disease and to explore the inter-relationships between
metabolic syndrome, diabetes, obesity and cardiovascular risk.
Methods: The presence of metabolic syndrome was determined in 8397 patients with stable coronary disease
from the European Trial on Reduction of Cardiac Events with Perindopril in Stable Coronary Artery Disease,
with mean follow-up of 4.2 years. Metabolic syndrome was defined using a modified version of the National
Cholesterol Education Programme criteria.
Results: Metabolic syndrome was present in 1964/8397 (23.4%) of the population and significantly
predicted outcome; relative risk (RR) of cardiovascular mortality = 1.82 (95% CI 1.40 to 2.39); and fatal and
non-fatal myocardial infarction RR = 1.50 (95% CI 1.24 to 1.80). The association with adverse outcomes
remained significant after adjustment, RR of cardiovascular mortality after adjustment for conventional risks
and diabetes = 1.39 (95% CI 1.03 to 1.86). In comparison with normal weight subjects without diabetes or
metabolic syndrome, normal weight dysmetabolic subjects (with either diabetes or metabolic syndrome) were
at substantially increased risk of cardiovascular death (RR = 4.05 (95% CI 2.38 to 6.89)). The relative risks of
cardiovascular death for overweight and obese patients with dysmetabolic status were nominally lower
(RR = 3.01 (95% CI 1.94 to 4.69) and RR = 2.35 (95% CI 1.50 to 3.68), respectively).
Conclusions: Metabolic syndrome is associated with adverse cardiovascular outcome, independently of its
associations with diabetes and obesity. A metabolic profile should form part of the risk assessment in all
patients with coronary disease, not just those who are obese.

T
he metabolic syndrome is a constellation of cardiovascular
risk factors centred around obesity, abnormal glucose
metabolism, hypertension and dyslipidaemia. These risk

factors tend to cluster together in subjects, and when they do,
substantially increase the risk of the development of cardio-
vascular disease.1 2

The prevalence of the metabolic syndrome is increasing,3–5

coincident with increasing levels of obesity related to sedentary
lifestyles and malnutrition.6 However, it is becoming clear that
other factors, such as the distribution of body fat, whether
visceral or subcutaneous, modify the relationship between
weight and metabolic status.7–9

The metabolic syndrome portends the onset of diabetes11 and
is associated with intermediate risk for the development of
cardiovascular disease relative to diabetes in population-based
studies.12 Furthermore, it has been shown to be predictive of
cardiovascular mortality and major cardiovascular events.10 13–16

Despite a growing body of data about the prevalence and
prognostic importance of metabolic syndrome in the general
population and asymptomatic high-risk populations, the pre-
valence and clinical consequences of the metabolic syndrome in
patients with established cardiovascular disease are less well
defined.

We sought to determine the prevalence of the metabolic
syndrome in a population with stable coronary disease, to
assess its effect on major cardiovascular events in this group,
and to explore the complex relationships between obesity, the
metabolic syndrome and diabetes and their impact on
cardiovascular events.

PATIENTS AND METHODS
Population
The presence or absence of the metabolic syndrome was
determined in patients with known coronary disease from the
European Trial on Reduction of Cardiac Events with Perindopril
in Stable Coronary Artery Disease (EUROPA), a placebo-
controlled trial of the effect of perindopril on cardiovascular
outcome. The principal results and methods of the EUROPA
trial have previously been published.17 Briefly, men and women
.18 years of age, with objective evidence of coronary disease,
but without clinical heart failure were enrolled in the study.
Previous myocardial infarction, coronary artery bypass grafting,
percutaneous coronary intervention, or angiographically docu-
mented coronary stenosis .70% were accepted as objective
evidence of coronary disease, or a positive stress test in
symptomatic men. The main exclusion criteria were clinical
evidence of heart failure, planned revascularisation, hypoten-
sion (sitting systolic blood pressure of ,110 mm Hg) or
uncontrolled hypertension (systolic blood pressure .180 mm
Hg or diastolic blood pressure of .100 mm Hg, or both), recent
(,1 month) use of ACE inhibitor or angiotensin receptor
blocking treatment, renal insufficiency (creatinine .150 mmol/
l) or serum potassium .5.5 mmol/l. Each institution’s review

Abbreviations: BMI, body mass index; EUROPA, European Trial on
Reduction of Cardiac Events with Perindopril in Stable Coronary Artery
Disease; HDL, high-density lipoprotein; MI, myocardial infarction; NCEP,
National Cholesterol Education Program; RR, relative risk
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board or ethics committee reviewed the protocol and all
participants provided informed consent.

Of the 12 218 randomised patients in the original study, 1502
had known diabetes at baseline, either from self-report or
patient records and a further 6895 had a fasting glucose taken
as part of the study. Thus a total of 8397 patients in whom
diabetic or glycaemic status was known were included in this
analysis. The metabolic syndrome was defined using a modified
version of the National Cholesterol Education Program (NCEP)
criteria.18 The metabolic syndrome was deemed present if at
least three of the following were present: blood pressure .130/
85 mm Hg or receiving antihypertensive drug treatment; high-
density lipoprotein (HDL) ,1.0 mmol/l (male) and ,1.3 mmol/
l (female); body mass index (BMI) .30 kg/m2; fasting plasma
glucose .6.1 mmol/l or the presence of known diabetes.

Biochemical measurements and follow-up
Plasma total cholesterol, low-density lipoprotein cholesterol
and HDL cholesterol were measured locally at baseline. Fasting
plasma glucose in patients without known diabetes was also
measured locally. Patients were followed up at 3, 6 and
12 months and every 6 months thereafter for an average of
4.2 years. Cardiovascular mortality was adjudicated by a central
critical event committee on the basis of necropsy results if
available, or documentary evidence from medical records of the
immediate clinical history before death. All end points were
included in analysis only if confirmed by the independent
critical event committee.

Statistical analysis
Data are presented as mean (SD) for continuous variables and
number (%) of subjects for categorical variables. Incidence rates
are presented as number of events per 1000 patient-years. Cox
proportional hazard models were used to determine the
univariate risk associated with the metabolic syndrome for
the combined end point of cardiovascular death, myocardial
infarction (MI) or cardiac arrest, the primary end point used in
the EUROPA study, and also cardiovascular mortality, total
mortality, fatal and non-fatal myocardial infarction, stroke and
admission to hospital for heart failure. The effects of each of the
component risks of the metabolic syndrome on the combina-
tion end point cardiovascular death and MI and resuscitated
cardiac arrest were examined in univariate and multivariable
models. Multivariable proportional hazard models were
employed to serially adjust the risks of cardiovascular and total
mortality, MI and the combination end point for conventional
risk factors and gender, and finally, for each of the constituent
risks for the metabolic syndrome individually. Total cholesterol,
age and current smoking status were considered as conven-
tional risks. Interaction between the presence or absence of
known diabetes and the presence or absence of the metabolic
syndrome was investigated within the proportional hazards
models. Statistical analysis was undertaken with the assistance
of Cardialysis, the Netherlands.

To explore the relationship between weight, the metabolic
syndrome and cardiovascular risk the cumulative probabilities
of cardiovascular death according to weight and metabolic

Table 1 Baseline demographic and clinical characteristics according to individual metabolic subgroups

Characteristics

Metabolic syndrome absent Metabolic syndrome present

All
(n = 6433)

Without diabetes
(n = 5712)

With diabetes
(n = 721)

All
(n = 1964)

Without diabetes
(n = 1183)

With diabetes
(n = 781)

Age (years), mean (SD) 60 (9) 60 (9) 63 (8) 59 (9) 57 (9) 61 (9)
Male 87.1 87.1 87.2 79.6 81.2 77.1
Current smoker 14.7 15.1 12.1 14.2 15.7 11.9
Hypertension 29.3 25.4 36.9 37.7 35.0 41.9
Hyperlipidaemia 61.9 62.3 58.7 63.4 64.0 62.6
Prior MI 65.8 65.9 64.8 68.2 68.1 68.2
Prior CABG 30.4 29.0 33.4 26.6 24.3 30.2
Prior PTCA 29.5 30.8 27.3 26.3 27.0 25.1
Prior TIA/CVA 3.3 2.9 5.8 4.1 3.3 5.2
PVD 9.3 7.0 12.6 7.6 7.0 12.7

Results are shown as percentages unless stated otherwise.
MI, myocardial infarction; CABG, coronary artery bypass graft; PTCA, percutaneous transluminal coronary angioplasty; TIA, transient ischaemic attack; CVA,
cerebrovascular accident; PVD, peripheral vascular disease.

Table 2 Prevalence of individual constituent risks of the metabolic syndrome according to
individual metabolic subgroups

Constituents
Overall
(n = 8397)

Metabolic syndrome
absent Metabolic syndrome present

Without
diabetes
(n = 5712)

With
diabetes
(n = 721)

Without
diabetes
(n = 1183)

With
diabetes
(n = 781)

Diabetes 17.9 0 100 0 100
Fasting glucose .6.1 (in absence of diabetes) 22.0 17.0 0 73.9 0
Hypertension (BP .130/85 mm Hg or
receiving antihypertensive drug treatment) 91.7 90.0 86.5 99.0 98.5
HDL ,1.0 mmol/l (male) or ,1.3 mmol/l
(female) 31.9 20.4 4.4 79.2 69.9
Obesity (BMI .30 kg/m2) 21.8 10.1 1.2 66.4 58.7

Results are shown as percentages.
BP, blood pressure; HDL, high-density lipoprotein; BMI, body mass index.
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status were examined. For this purpose the population was
stratified into normal weight, overweight or obese patients
according to the BMI, with a BMI ,25 kg/m2 considered
normal weight, BMI 25–30 kg/m2 considered overweight and
BMI .30 kg/m2 considered obese. Patients were then cate-
gorised as having dysmetabolic status if they had either
diabetes or the metabolic syndrome, or as having normal
metabolic status if not. The relative risk of cardiovascular death
associated with each category was then estimated using a
proportional hazards model, with normal weight, normal
metabolic status as the reference. A further analysis was
undertaken using a fourth weight category, underweight (BMI
,20 kg/m2), to ascertain if the recognised association between
underweight and adverse outcome had a major influence on
these results.

The relative risks of cardiovascular death associated with
increasing numbers of constituent risks of the metabolic
syndrome compared with no constituent risks were also
calculated.

RESULTS
Population
The mean (SD) age of the 8397 patients in whom the presence
or absence of the metabolic syndrome was ascertained was 60
(9) years, and 87% were male. Two thirds (66%) had had a
previous MI. Prior revascularisation had been performed in
55%, 29% having had previous bypass surgery and 29% previous
percutaneous revascularisation. Coronary angiography had

demonstrated significant stenosis in at least one coronary
artery in 60%. A definite prior MI, significant coronary artery
disease documented at angiography or prior revascularisation
accounted for .96% of patients, with only a small proportion
included on the basis of a history of angina and positive non-
invasive test. The metabolic syndrome, as defined by the
modified NCEP definition described was detected in 23.4% of
the population. Diabetes with the metabolic syndrome was
present in 9%, diabetes without the metabolic syndrome in 9%
and the metabolic syndrome without diabetes in 14%. Table 1
describes the baseline characteristics of the group according to
metabolic status. Patients with the metabolic syndrome were
younger, more of them were female, had higher prevalence of
prior MI and peripheral vascular disease and had less
revascularisation before inclusion, and each of these differences
was significant. Significance of the difference in history of
hypertension was not assessed, as hypertension was one of the
selection criteria for inclusion in the metabolic syndrome group.
Table 2 shows the prevalence of each of the constituent risks of
the metabolic syndrome according to metabolic subgroup.
Table 3 shows blood pressure and lipid treatment at baseline
and at 4 years.

Effect of the metabolic syndrome on cardiovascular
outcomes
Over the 4-year follow-up period the metabolic syndrome was
associated with significantly increased risk of the combined end
point of cardiovascular death, MI and resuscitated cardiac
arrest, the primary end point of the EUROPA trial, relative risk
(RR) = 1.55 (95% CI 1.32 to 1.82), p,0.001. The risk of
individual end points was also significantly increased, includ-
ing cardiovascular mortality, RR = 1.82 (95% CI 1.40 to 2.39),
p,0.001; total mortality, RR = 1.54 (95% CI 1.24 to 1.91),
p,0.001; fatal and non-fatal MI, RR = 1.50 (95% CI 1.24 to
1.80), p,0.001; and admission to hospital for heart failure,
RR = 1.64 (95% CI 1.14 to 2.38), p = 0.008. With the exception
of impaired fasting glycaemia in the absence of diabetes, each
of the components of the metabolic syndrome (diabetes,
hypertension .130/85 mm Hg, obesity, or low HDL) were
significant predictors of cardiovascular events in this popula-
tion independently of each other, and after adjustment for
conventional risk factors (fig 1). The presence of diabetes was
associated with the greatest increase in risk.

Adjustment for gender and conventional risk factors,
including age, total cholesterol and smoking status did not
reduce the significant adverse effect of the metabolic syndrome
on the combined end point of cardiovascular death, MI and
resuscitated cardiac arrest, individual components of this end
point, or total mortality (table 4). Furthermore, although the
association between the metabolic syndrome and total mortal-
ity was no longer significant after adjustment for the presence
of diabetes, the adverse effects of the metabolic syndrome on
the major cardiovascular end points remained significant after

Table 3 Blood pressure and lipid levels at baseline and at 4 years

Baseline 4 Years

No met syn Met syn No met syn Met syn

Systolic BP (mm Hg) 137 (15) 139 (16) 131 (16) 134 (16)
Diastolic BP (mm Hg) 82 (8) 83 (8) 78 (9) 79 (8)
Cholesterol (mmol/l) 5.4 (1) 5.4 (1) – –
LDL (mmol/l) 3.4 (1) 3.4 (1) – –
HDL (mmol/l) 1.3 (0.5) 1.0 (0.3) – –
Use of lipid lowering drugs (%) 54 55 70 71
Antihypertensive drugs (n) 1.0 (0.6) 1.2 (0.6) 1.1 (0.7) 1.3 (0.7)

Results are shown as mean (SD) unless stated otherwise.
BP, blood pressure; LDL, low-density lipoprotein; HDL, high-density lipoprotein.

Figure 1 Multivariable relative risk (RR) of cardiovascular death,
myocardial infarction or cardiac arrest for each of the constituent risks of
the metabolic syndrome (including adjustment for age, gender, and total
cholesterol). HDL, high-density lipoprotein; BMI, body mass index; DM,
diabetes mellitus.
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additional adjustment for diabetes (table 4). In particular, the
effect of the metabolic syndrome on cardiovascular mortality
and on non-fatal MI was independent of the effect of diabetes.
Diabetes remained a strong and independent predictor of
cardiovascular mortality RR = 3.32 (95% CI 2.51 to 4.38),
p,0.001; total mortality RR = 3.48 (95% CI 2.79 to 3.35),
p,0.001; fatal and non-fatal MI RR = 1.51 (95% CI 1.22 to
1.88), p,0.001; and the combination end point of cardiovas-
cular death, MI or cardiac arrest RR = 1.89 (95% CI 1.59 to
2.26), p,0.001, after adjustment for the effects of the metabolic
syndrome and other risks. The effects on cardiovascular
outcome of diabetes and the metabolic syndrome did not
interact significantly, p = 0.47 for the combined end point of
cardiovascular death, MI or cardiac arrest.

Figure 2 illustrates clearly that the presence of the metabolic
syndrome was associated with incremental risk in the diabetic
population, showing the cumulative probability of cardiovas-
cular death, MI and resuscitated cardiac arrest according to the
presence or absence of diabetes and the metabolic syndrome.
The metabolic syndrome also remained a significant predictor
of all of the major end points after additional adjustment for
each of the remaining component risks of the metabolic
syndrome individually (table 4).

Effect of perindopril
The relative risk of the primary end point associated with the
metabolic syndrome in the perindopril treated population was
1.68 (95% CI 1.32 to 2.13). The effect of perindopril in reducing
cardiovascular death, MI or cardiac arrest (the primary end
point of the EUROPA study) was not significantly different in
patients with or without the metabolic syndrome, RR = 13%
(95% CI to 13% to 34%) in the metabolic syndrome subgroup,
and RR = 25% (95% CI 10% to 37%) in the population without
the metabolic syndrome. Despite the apparent, although non-
significantly, lower relative risk reduction, the absolute rate
difference was similar, 4 per 1000 patient-years (metabolic
syndrome) and 5 per 1000 patient-years (no metabolic
syndrome) because of the higher event rate in the metabolic
syndrome population.

Weight and the metabolic syndrome
To investigate the relationship between the metabolic syn-
drome, BMI and cardiovascular risk the cumulative probabil-
ities of cardiovascular death were plotted for those with and
those without dysmetabolic features, stratified into normal
weight, overweight and obese categories (fig 3). As expected,
patients with diabetes or the metabolic syndrome (dysmeta-
bolic) fared worse than those without. But within this
subgroup the probability of cardiovascular death was greater
among patients with normal weight than those who were

Table 4 Multiple adjusted relative risks of selected end points associated with the presence of the metabolic syndrome

Risk associated with metabolic syndrome

Cardiovascular
mortality
RR (95% CI)

Total mortality
RR (95% CI)

Fatal and
non-fatal MI
RR (95% CI)

Cardiovascular death,
MI, or cardiac arrest
RR (95% CI)

Adjusted for age, sex, total cholesterol and smoking status 2.11 (1.61 to 2.77) 1.80 (1.44 to 2.24) 1.52 (1.26 to 1.84) 1.63 (1.39 to 1.92)
Additionally adjusted for the presence of:
Diabetes 1.39 (1.03 to 1.86) 1.16 (0.91 to 1.47) 1.33 (1.09 to 1.64) 1.33 (1.11 to 1.58)
BP .130/85 mm Hg or treated hypertension 1.99 (1.52 to 2.62) 1.73 (1.39 to 2.17) 1.48 (1.22 to 1.80) 1.59 (1.34 to 1.87)
Low HDL ,1.0 mmol/l (men) ,1.3 mmol/l (women) 2.22 (1.60 to 3.08) 1.88 (1.44 to 2.46) 1.37 (1.10 to 1.73) 1.56 (1.29 to 1.90)
Obesity (BMI .30 kg/m2) 1.96 (1.40 to 2.73) 1.74(1.33 to 2.28) 1.37 (1.08 to 1.73) 1.48 (1.21 to 1.81)
Fasting glucose .6.1 mmol/l (in absence of diabetes) 2.53 (1.91 to 3.36) 2.15 (1.71 to 2.71) 1.70 (1.39 to 2.08) 1.84 (1.55 to 2.19)

RR, relative risk; MI, myocardial infarction; BP, blood pressure; HDL, high-density lipoprotein; BMI, body mass index.

Figure 2 Cumulative probability of cardiovascular mortality, myocardial
infarction or cardiac arrest associated with metabolic subgroups. MS,
metabolic syndrome; DM, diabetes mellitus.

Figure 3 Cumulative probability of cardiovascular death according to
weight and metabolic status.
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overweight or obese. Table 5 shows the risks of cardiovascular
death for each subgroup relative to the normal weight
population with normal metabolic status. Sensitivity analysis
separating those who were underweight from those of normal
weight and stratifying by metabolic status demonstrated a
similar pattern. Patients of dysmetabolic status and normal
weight remained at greater relative risk than those who were
overweight or obese.

Number of component risks
Examination of the risk of cardiovascular death associated with
increasing numbers of component risks of the metabolic
syndrome showed a cumulative increase in risk with increasing
numbers of component risks of the metabolic syndrome. The
relative risk associated with just one of the component risks
versus none did not meet statistical significance, RR = 1.80
(0.56 to 5.78), p = 0.32. However, the presence of two
component risks compared with those with no features of the
metabolic syndrome increased the risk of cardiovascular death
significantly, RR = 3.78 (1.20 to 11.92), p = 0.02, even after
adjustment for age, gender, total cholesterol and current
smoking status, and the risk increased as the number of risks
present increased. The relative risk of cardiovascular death
associated with three of the component parts of the metabolic
syndrome was 5.57 (1.737 to 17.84), p = 0.004, and with four
component risks was 7.66 (2.24 to 26.26), p,0.001.

DISCUSSION
This study provides valuable information about the impact of
the metabolic syndrome in patients with coronary disease.
Further strengths include its size, the collection of long-term
follow-up data, and the assessment of the effects of metabolic
syndrome relative to diabetes. There are limitations to the data.
Fasting glucose was not measured at baseline in all subjects,
introducing a degree of selection bias. The prevalence of known
diabetes may be overestimated, as all known diabetic subjects
were included, although only 67% of the population not known
to have diabetes were screened. Only four of the five NCEP
standard criteria for definition of the metabolic syndrome were
captured on the database. Triglyceride levels were not.
However, as triglyceride levels and HDL levels are closely
associated and both are measures of lipoprotein abnormality, it
was considered reasonable to just use one lipoprotein abnorm-
ality index when all the other indices of the metabolic
syndrome were available. The WHO criteria for the metabolic
syndrome use either high triglycerides or low HDL as a marker
of dyslipidaemia. The WHO cut-off point for obesity, BMI
.30 kg/m2, was used as a surrogate for increased waist
circumference. Analysis of data from the NHANES III survey
showed that 97% of patients identified as having the metabolic
syndrome using BMI would have been identified if waist
circumference had been used.19

The study identifies the metabolic syndrome as a relatively
common condition in patients with stable coronary disease,
affecting almost a quarter of this European population (23.4%),
consistent with other European reports.20 21 The results indicate
similar or even higher levels of hypertension (92%) as in the
REACH registry (82%).22 The prevalence of hypercholesterolae-
mia (62%), diabetes (18%) and obesity (21%) were also lower,
compared with 72%, 44% and 27%, respectively, in REACH. The
use of lipid lowering treatment had increased during the course
of the trial in EUROPA, although it remained lower than in the
REACH registry patients with known coronary disease. Some of
these differences reflect altered definitions and temporal trends
in the application of more intensive treatment during the time
between the start of the EUROPA trial and recruitment to the
REACH registry. From this study it is also apparent that in a
large population with established coronary disease the meta-
bolic syndrome is associated with clinically important and
statistically significant increases in the rates of cardiovascular
death (a greater than twofold increase), and MI (, 50% increase),
even after adjustment for conventional risks. The effect of the
metabolic syndrome on cardiovascular events was independent of
its association with diabetes, and the risks associated with
diabetes and the metabolic syndrome incremental to each other.

Although obesity is a significant predictor of adverse
cardiovascular events independent of conventional risks, its
effect appears to be mediated through its association with the
metabolic syndrome or dysmetabolic status. When stratified by
BMI and dysmetabolic status, the effects of increasing weight
and dysmetabolic status diverge, as previously observed in the
considerably smaller, female population in the WISE study.23

Several factors may shed some light on this apparently
counterintuitive result. Although well validated as an indicator
of increased cardiovascular mortality in population-based
studies, BMI is a crude measure of propensity to insulin
resistance and the metabolic syndrome. The distribution of
body fat rather than weight itself is a crucial factor in predicting
the occurrence of the metabolic syndrome,7 with visceral and
intramuscular adiposity more closely associated with metabolic
abnormalities than BMI.8 9 24–26 Furthermore, dysmetabolic
status is (inversely) related cardiovascular fitness, which is a
marker of improved prognosis even with increased BMI.27 28

The clinical implications of these findings occur at the level of
diagnosis and therapeutic intervention. The metabolic syn-
drome is associated with increased cardiovascular risk inde-
pendently of conventional risk factors, and has been shown to
give prognostic information additional to that provided by the
Framingham risk equation.20 However, even conventional risk
factors are still not optimally measured in clinical practice.29 30

Awareness of the prognostic implications of the metabolic
syndrome in addition to conventional risk factors should
prompt more complete risk factor evaluation to refine risk
prediction for individual patients.31 32 A more refined approach
to risk prediction also offers greater therapeutic potential.31 32

Table 5 Relative risk of cardiovascular death according to body mass index (BMI) and
metabolic status

BMI and metabolic status
CV death
(%)

Events per 1000
patient-years RR (95% CI) p Value

Normal weight, not dysmetabolic 1.8 4.3 1.0
Overweight, not dysmetabolic 1.6 3.8 0.89 (0.57 to 1.38) 0.59
Obese, not dysmetabolic 2.6 6.1 1.42 9 (0.76 to 2.63) 0.27
Normal weight, dysmetabolic 7.0 17.2 4.05 (2.38 to 6.89) ,0.001
Overweight, dysmetabolic 5.3 12.8 3.01 (1.94 to 4.69) ,0.001
Obese, dysmetabolic 4.2 10 2.35 (1.50 to 3.68) ,0.001

Normal weight: BMI ,25; overweight: BMI 25–30; obese: BMI .30.
Dysmetabolic, diabetic or with metabolic syndrome (three of the National Cholesterol Education Program criteria18).
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Multifactorial risk factor intervention has been shown to be
highly successful in achieving reduction in cardiovascular event
rates in the diabetic population,33 and holds promise for those
with the metabolic syndrome. Intensive lipid lowering and
blood pressure control can improve the prognosis in patients
with the metabolic syndrome.34 35 Meanwhile exercise and
lifestyle modification programmes in patients with the meta-
bolic syndrome have shown positive results in reducing
individual risk factors36 and reducing the development of
diabetes.37 38 In the future, insulin sensitising agents may be
used to avert or delay the onset of diabetes in these patients,
and new weight reducing agents may be used to positively
modify metabolic abnormalities in parallel with weight reduc-
tion39 in a manner which mechanical methods cannot.40

CONCLUSION
The metabolic syndrome affects a clinically important propor-
tion of patients with coronary disease and is associated with an
adverse prognosis. The risk conferred is less than, but
incremental to, that associated with overt diabetes. The
metabolic syndrome is associated with increased cardiovascular
risk independently of obesity, but the effect of obesity on
cardiovascular outcome is not independent of metabolic status.
Those with normal weight and dysmetabolic status appear at
particularly high risk of cardiovascular events. Comprehensive
risk assessment including determination of metabolic status
should be carried out in all patients to optimise risk prediction
and allow all therapeutic avenues to be pursued.

Authors’ affiliations
. . . . . . . . . . . . . . . . . . . . . . .

C A Daly, K M Fox, Royal Brompton Hospital, London, UK
P Hildebrandt, Frederiksberg Hospital, University of Copenhagen,
Copenhagen, Denmark
M Bertrand, Lille Heart Institute, France
R Ferrari, University of Ferrara, Italy
W Remme, STICARES Cardiovascular Research Institute, Rotterdam-Rhoon,
The Netherlands
M Simoons, Department of Cardiology, Thoraxcentre, Erasmus University
Medical Centre, Rotterdam, The Netherlands

Competing interests: Servier was the sponsor of the EUROPA study. KMF,
WR, RF, MB and MS have received speaking fees, honoraria and research
funds from Servier. PH has also received consulting fees from Servier. CAD
has no competing interest to declare.

REFERENCES
1 Wilson PW, Grundy SM. The metabolic syndrome: practical guide to origins and

treatment: Part I. Circulation 2003;108:1422–4.
2 Wilson PW, Grundy SM. The metabolic syndrome: a practical guide to origins

and treatment: Part II. Circulation 2003;108:1537–40.
3 Ford ES, Giles WH, Dietz WH. Prevalence of the metabolic syndrome among US

adults: findings from the third National Health and Nutrition Examination Survey.
JAMA 2002;287:356–9.

4 Ford ES, Giles WH, Mokdad AH. Increasing prevalence of the metabolic
syndrome among US adults. Diabetes Care 2004;27:2444–9.

5 Ford ES. Prevalence of the metabolic syndrome in US populations. Endocrinol
Metab Clin North Am 2004;33:333–50.

6 Ford ES, Kohl HW 3rd, Mokdad AH, et al. Sedentary behavior, physical activity,
and the metabolic syndrome among U.S. adults. Obes Res 2005;13:608–14.

7 Haffner S, Taegtmeyer H. Epidemic obesity and the metabolic syndrome.
Circulation 2003;108:1541–5.

8 Goodpaster BH, Krishnaswami S, Resnick H, et al. Association between regional
adipose tissue distribution and both type 2 diabetes and impaired glucose
tolerance in elderly men and women. Diabetes Care 2003;26:372–9.

9 Goodpaster BH, Krishnaswami S, Harris TB, et al. Obesity, regional body fat
distribution, and the metabolic syndrome in older men and women. Arch Intern
Med 2005;165:777–83.

10 Eckel RH, Grundy SM, Zimmet PZ. The metabolic syndrome. Lancet
2005;365:1415–28.

11 Sattar N, Gaw A, Scherbakova O, et al. Metabolic syndrome with and without
C-reactive protein as a predictor of coronary heart disease and diabetes in the
West of Scotland Coronary Prevention Study. Circulation 2003;108:414–9.

12 Alexander CM, Landsman PB, Teutsch SM, et al. NCEP-defined metabolic
syndrome, diabetes, and prevalence of coronary heart disease among NHANES
III participants age 50 years and older. Diabetes 2003;52:1210–4.

13 Isomaa B, Almgren P, Tuomi T, et al. Cardiovascular morbidity and mortality
associated with the metabolic syndrome. Diabetes Care 2001;24:683–9.

14 Lakka HM, Laaksonen DE, Lakka TA, et al. The metabolic syndrome and total and
cardiovascular disease mortality in middle-aged men. JAMA 2002;288:2709–16.

15 Onat A, Ceyhan K, Basar O, et al. Metabolic syndrome: major impact on
coronary risk in a population with low cholesterol levels—a prospective and
cross-sectional evaluation. Atherosclerosis 2002;165:285–92.

16 Ridker PM, Buring JE, Cook NR, et al. C-reactive protein, the metabolic
syndrome, and risk of incident cardiovascular events: an 8-year follow-up of
14 719 initially healthy American women. Circulation 2003;107:391–7.

17 Fox KM. Efficacy of perindopril in reduction of cardiovascular events among
patients with stable coronary artery disease: randomised, double-blind, placebo-
controlled, multicentre trial (the EUROPA study). Lancet 2003;362:782–8.

18 Anonymous. Executive Summary of The Third Report of The National Cholesterol
Education Program (NCEP) Expert Panel on Detection, Evaluation, And Treatment
of High Blood Cholesterol In Adults (Adult Treatment Panel III). JAMA
2001;285:2486–97.

19 Wong ND, Sciammarella MG, Polk D, et al. The metabolic syndrome, diabetes,
and subclinical atherosclerosis assessed by coronary calcium. J Am Coll Cardiol
2003;41:1547–53.

20 Girman CJ, Rhodes T, Mercuri M, et al, 4S Group and the AFCAPS/TexCAPS
Research Group. The metabolic syndrome and risk of major coronary events in
the Scandinavian Simvastatin Survival Study (4S) and the Air Force/Texas
Coronary Atherosclerosis Prevention Study (AFCAPS/TexCAPS). Am J Cardiol
2004;93:136–41.

21 Gorter PM, Olijhoek JK, van der Graaf Y, et al. Prevalence of the metabolic
syndrome in patients with coronary heart disease, cerebrovascular disease,
peripheral arterial disease or abdominal aortic aneurysm. Atherosclerosis
2004;173:363–9.

22 Bhatt DL, Steg PG, Ohman EM, et al. Reach Registry Investigators. International
prevalence, recognition, and treatment of cardiovascular risk factors in
outpatients with atherothrombosis. JAMA 2006;295:180–9.

23 Marroquin OC, Kip KE, Kelley DE, et al. Women’s Ischemia Syndrome
Evaluation investigators. Metabolic syndrome modifies the cardiovascular risk
associated with angiographic coronary artery disease in women: a report from
the Women’s Ischemia Syndrome Evaluation. Circulation 2004;109:714–21.

24 Pouliot MC, Despres JP, Lemieux S, et al. Waist circumference and abdominal
sagittal diameter: best simple anthropometric indexes of abdominal visceral
adipose tissue accumulation and related cardiovascular risk in men and women.
Am J Cardiol 1994;73:460–8.

25 Smith SR, Lovejoy JC, Greenway F, et al. Contributions of total body fat,
abdominal subcutaneous adipose tissue compartments, and visceral adipose
tissue to the metabolic complications of obesity. Metabolism 2001;50:425–35.

26 Brochu M, Tchernof A, Dionne IJ, et al. What are the physical characteristics
associated with a normal metabolic profile despite a high level of obesity in
postmenopausal women? J Clin Endocrinol Metab 2001;86:1020–5.

27 Katzmarzyk PT, Janssen I, Ardern CI. Physical inactivity, excess adiposity and
premature mortality. Obes Rev 2003;4:257–90.

28 Ross R, Katzmarzyk PT. Cardiorespiratory fitness is associated with diminished
total and abdominal obesity independent of body mass index. Int J Obes Relat
Metab Disord 2003;27:204–10.

29 Daly CA, Clemens F, Sendon JL, et al. Euro Heart Survey investigators. The
clinical characteristics and investigations planned in patients with stable angina
presenting to cardiologists in Europe: from the Euro Heart Survey of Stable
Angina. Eur Heart J 2005;26:996–1010.

30 Bartnik M, Ryden L, Ferrari R, et al. Euro Heart Survey investigators. The
prevalence of abnormal glucose regulation in patients with coronary artery
disease across Europe. The Euro Heart Survey on diabetes and the heart. Eur
Heart J 2004;25:1880–90.

31 Wong ND. Intensified screening and treatment of the metabolic syndrome for
cardiovascular risk reduction. Prev Cardiol, 2005;8:47–52;quiz 53–4..

32 Jackson PR. Cardiovascular risk assessment. Lancet 2005;365:1306.
33 Gaede P, Vedel P, Larsen N, et al. Multifactorial intervention and cardiovascular

disease in patients with type 2 diabetes. N Engl J Med 2003;348:383–93.
34 Pyorala K, Ballantyne CM, Gumbiner B, et al. Scandinavian Simvastatin Survival

Study (4S). Reduction of cardiovascular events by simvastatin in nondiabetic
coronary heart disease patients with and without the metabolic syndrome:
subgroup analyses of the Scandinavian Simvastatin Survival Study (4S). Diabetes
Care 2004;27:1735–40.

35 Wong ND, Pio JR, Franklin SS, et al. Preventing coronary events by optimal
control of blood pressure and lipids in patients with the metabolic syndrome.
Am J Cardiol 2003;91:1421–6.

36 Park HS, Lee K. Greater beneficial effects of visceral fat reduction compared with
subcutaneous fat reduction on parameters of the metabolic syndrome: a study of
weight reduction programmes in subjects with visceral and subcutaneous obesity.
Diabet Med 2005;22:266–72.

37 Tuomilehto J, Lindstrom J, Eriksson JG, et al. Finnish Diabetes Prevention Study
Group. Prevention of type 2 diabetes mellitus by changes in lifestyle among
subjects with impaired glucose tolerance. N Engl J Med 2001;344:1343–50.

38 Knowler WC, Barrett-Connor E, Fowler SE, et al. Diabetes Prevention Program
Research Group. Reduction in the incidence of type 2 diabetes with lifestyle
intervention or metformin. N Engl J Med 2002;346:393–403.

39 Van Gaal LF, Rissanen AM, Scheen AJ, et al. Effects of the cannabinoid-1
receptor blocker rimonabant on weight reduction and cardiovascular risk factors
in overweight patients: 1-year experience from the RIO-Europe study. Lancet
2005;365:1389–97.

40 Klein S, Fontana L, Young VL, et al. Absence of an effect of liposuction on insulin
action and risk factors for coronary heart disease. N Engl J Med
2004;350:2549–57.

Adverse prognosis in established coronary artery disease: EUROPA trial 1411

www.heartjnl.com


